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Abstract:
Apossiblemodelofur-baryonsisproposedbasedontheanalogyto
the@Gexistenceform''ofmagnetisminnature.
Thethreekindsofur-baryons(orthefundamentaltriplets)areintroduced,
whicharesupposedtobethebasicconstituentsofhadrons・Thestructures
ofthelow-lyinghadronlevelsandtheirmutualinteractionsarediscussed
insomedetail,wheresomematerialisticbasisisgivenfortheA-parity
introducedbyBronzanandLow.Furthertheunstabilityoftheur-baryons,
theunificationofstrongandweakinteractionswillbepointedout.
I.VarioussuccessfulapplicationsofU(3)symmetrytostong,weakand
electromagneticinteractionphenomenaseemtosuggesttheexistenceofsome
kindofur-baryonswithtripletcharacter,whicharesupposedtobebasic
entitiesofthestronglyinteractingparticles,i、e.,hadrons・Thusseveral
interestingmodels')concerningur-baryonshavebeenproposedtounderst-
andtherealizedpatternsofhadronstructuresandtheirmutualinteractions
atlarge.
Inthispaper,wewishtodiscussapossible.approachtothemodelon
ur-baryons.
Westartwiththecognitionthattheparticlesbelongingtothespinorrep-
resentationsofU(3)group(chargedparticlesingeneralizedsense)donot
likelyexist,asitself,inourneighboringmatter,butitcanexistonlyas
thecompositeformbelongingtothetensorrepresentations(uncharged
particleS).Toaccomadateourschemewiththisfact,letussetthefollow-
ingrequirementsbothforthefundamentaltripletsandtheirdynamics,with-
outquestionningabouttheirreasonabilityorvalidity:
a)Tripletshaveintegralelectricchargeandbaryonnumber.
b)Forcesbetweenthebasictripletsare,irrespectivetotheircharacters,
superstrongattractiveorsuperstrongrepulsivedependingupon
*Themaiorpartofthisworkwasreportcdin@CMeetingontheModelsandthestruc･
turesofElementaryParticles''heldatResearchlnstituteforFundamentalPhysics,
KyotoUniversity・Julyl9-21,1965:SeealsoSoryushironKenkyu(Mimeographed
CircularinJapanese)31,A112(1965).
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triplets,weshalltakethefollowingmodelLagrangien:
Lint(1)=-iGM(xiγ“i一どiγ鯉fi+Xia"Ai)M"
-iGB(霧γ膠xi+2i沖をi)B",
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whereM"andB"aretheneutralvectorfieldscoupledsuperstronglytoM
charge-andbaryon-currents,respectively.
WemayreplaceEq.(1)bytheappropriateFermiinteractionthatgives
riSetotherequiredforcesgivenintheprecedingsection.
Wealsonotethefollowingrelationstobesatisfied:
GM>GB>g"N,
nlM～mBZIBev, （2）
Mx=Mg>MA>MN,
wheregirNandMNmeantheps汀-Ncouplingconstantandthenucleonmass,
respectively.
ThesymmetrygroupofourLagrangienisU(3)U(3)eU(3),whichis
InordertoreduceitdowntotheU(3)sym-toolargetobeattractive.
metry,weintroducethestronginteractionofthefollowingform3)3
帯(瓶､踊+h.c.),Lint(2)= （3）
where
g燕N～Gs<GM,GB. （4）
ItisseenfromEq.s(1),(2)and(3)thatourtheoryisinvariantunder
thefollowingreplacements:
lXi←－＞ ど'， （5）
Ai,M"－→－M，iAi←-→
ThisinvarianceisanalogoustotheNSsymmetrymentionedbeforeand
willbecalledthe<6Rconjugation''invariance.
Itistobenotedthatthe"Rconjugation"hasaclearmaterialisticbasisand
thatismuchrestrictivethanthewell-knownone.
TheC@GR"parityofthebosons(B=0)canbeidentifiedwiththeAnum-
berintroducedbyBronzanandLow4),whichwillbediscussedinnext
section.
III.Weshallconsiderthetwo-bodyboundstatesdescribedbytheur-
baryonpairsystem.
IIIA)ThepresenceofLint(1)only.
Inthiscase,weobtainhighlydegeneratehadronlevels,asisshownin
Tablelll.
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BIConfigurations Spacetimecharacters
|'-'-,(lL;｡Lj｡J-L-u%(")8+'
|Thesamepatternsastheabovewithequalmasses
|forthecorrespondingones.
(産)8+’
1)AJ:scalarfield
O＋，1－，2＋，．．．、etc．
0
(XA)8+1
2)AJ
0＋，
vectorfield
1+,2+,(2s+1LJ,S=0,1,2
J=L+S,L+S-1,．．
...(L-SI)
’')÷+(J=L士殆）
(zA)9
s=-,'{*'+:+(wT"s_"2)(叢)告十,号十(2S判LJ'J-LS,L+S-1’1 .(L-SI)??
(虫)9 Thesameas(XA)9includingtheirmasses
'’㈹，’ 0+,1+(1L;3LJJ=L+1,L,L-)1
Tablelll Thehadronlevelsdescribedbytheur-baryonpairsystem.
Thestateswithnonzeroangularmomentumareshownin
brackets.
Wehaveover-simplifiedthetwopointsinTableIII.Firstlythe
unitarysingletsof("),(Z)and(XA)withthesameJPGareactuallyget
mixedsuchthattheireigenstatesaretheappropriatelinearcombinations
thereof,themassesofthesestatesbeingdifferent・Thisisageneralfeature
fortheB==0unitarysinglets・Secondlytheclassificationsofhadronsby
theL,Sandparity_isnotgen-erallytrue,butthestateswithdifferentL
canbemixedthroughthetensorforce,forexample.Therewouldbealso
extraquantumnumberssuchastheprincipalone(n)besidesthoseusedin
Tablelll.Wenotehoweverthattheaboveclassificationsareapproximately
correctunderthecertainlimitedcircumstances.
LetusclosethissubsectionwiththeremarkthatB==2systemishighly
unstableanddecaysrapidlyintotheseverallow-lyinghadronlevelssuch
astwoB=1baryons,twoB=1baryons+severalmesons,etc..
IIIB)ThesimultaneouspresenceofEq.s(1)and(3).
Inthiscase,thedegeneraciesamongthehadronsconsistingofXandE
*WecandefinetheparityoftheSstate(XA")tobepositive
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canberemovedandthateveryU(3)-multipletshavethedefinite::Rparity"
inthesense:
R-conjuation
T"::→りTigh:",り=±1, （5）
T!Ifn:･･denotesotypicalirreducibletenso"intheU(3)&pace.whereT;;M…・
Wegiveasummary.inTablelV,oftheexpectedlowermasslevels(L
==0forthefermionpairsandL<1forthebosonpair)takingtheAifields
tobescalar.
，’ c･㎡…“｜"…,"’ Identifications
??? ?????｜??｜?
＋1 江8＋1
元〃8＋1
PS
1
’十Ⅱ’
一
(AA) S8+1 S0
?
、〕????? ????
?????《》
＋1 Vﾉ8＋1
V8+1 V
V''8＋1
???
JP=-4+N8+1 2
N'8+1
｜??????｜??｜?
十1
1
－1
TablelV・Theclassiflcationsofthehadronswithintheapproximation
ofL=0(0,1)forXandどpair(蚕Hpa!r).
InTablelV,theprimedstatesandO+statesarethepredictedones.1+,
2+mesons,etc・arealsoexpectedforL==1system.
WealsonotethatBronzan-Low's4)classifications(usingAquantumnumPer)
forPS-8+1,V-8andV-1areequivalenttotakerespectively7r'8+1,V8
andV'1inTablelV.
WepreferhowevertotaketheonesasissuggestedinTablelV.
Finallyweconjecturethefollowingsequenceofmasslevels:
m,r8<ms8～mv8<m愈'8<V8'<V8'',
N8+1<N'8+1,etc. (6）
IIIC)EffectiveYukawainteractions
WenowdiscussafewexamplesoftheeffectiveYukawainteraction
amongthehadronsgiveninTablelV.
Beforegoingintodetails,wenotetheeffectiveYukawainteractiontobe
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derivable,inprinciple,fromEq.s(1)and(3).
Fromsymmetryconsiderations,wecanobtainthefollowingresults
、?『??????」
???
?
?
??（???、???， ｜
?
??
?
?
?
?
?
??
?
《???? ???
??
???
???
??
??
?
??
?? ???
?
?。??
??
，，、??
?
??
?
??????
??
?
?
?
??
Weseethatthewell-knowninteractionsshownby－二areconsistent
withexperimentalfacts.
Thereareunattractivefeatureshoweverandinfact元'8V'8becomesstable
againtstronginteraction,i.e.,
yrlS←ﾐﾐ→Vs+Zs, 3汀8
V'8蔓今寺診2兀8， V8+7zs,etc.
(10）
Thesesevereselectionrulesareconsequencesofthe@GR-parity''conser-
vation,sowemustmakeittorelax・Wedonotthinkthissituationtobe
adefectofourmodelatallandindeedwecanunifythebreak-downofthe
U(3)symmetryandofthe"R･-parity''conservationonthesamelevel,by
consideringtheinteractionofthefollowingform:
?
????
‐?
??? ???? ??????、、
?
?????????? ?
(1）
WeconsidertheoriginofEq.(11)tobeasdeepasthatof"-emass
differenceanditexistslikelyoutsidethehadronphysics5).
Finallytheidentificationsofthepredictednewparticlescannotbemade
atpresent,butwenotethatA'(1090)6)andN*1/2(1480)6)maybethemem-
bersof兀'8andN'8,respectively.
IV．ConcludingRemaks
Intheprecedingsections,wehavedevelopedapossibleapproachto
theur-baryonmodelbasedontheanalogytotheexistenceformofmag-
netisminnature.Ofcourse,thisanalogyisone-sided.Forexample,we
couldtaketheonesuchthatjustasthemagneticmono-polesarefictious
andapparentexistence,theur-baryonswithtripletpropertydonotactually
exist7)・Whatwefindandunderstandintheareaofhadronphysicsare
nottruereflectionsofthe@creality''ofnature,butitissimplyanapparent
propertythereof.
Werejectthisanalogyhowever,sincewehaveeveryreasonstobelieve
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theexistenceoftheur-baryns.Wesimplymentionthefollowingpoint:
Toconsiderhadronsofmorethanonehundredkindswithcomplexstruc-
turestobebasicentitiesofmatterandatthesametimetotakethestrict
atomismislogicallyinconsistent.
Nowweshallgiveseveralremarks.Firstlywehavepredictedanu-
mberofnewparticles,mostofthesehavingthesamespacetimecharacters
astheknownones(TablelV).Thisfeatureisnotspecifictoourmodel
andisgenerallyexpectedinthemulti-tripletones.Futureexperimental
developmentscouldansweronthispoint.Secondlywediscussedthebound
stateswiththesimplestur--baryonconfigurations,thoughthestudyof
many-bodyconfigurationisargentasthewellknowndecuplet,forexample,
isdescribedin4-bodyconfigurationXiAjAkXiinourmodel,whichwill
bediscussedinanotheroccasion.
Thirdlyinthesymmetryconsiderations,itisacustomtodiscussthe
consequencesofthebrokensymmetry. Unfortunatelywecannotpresent
anynewresults,excepttheonesmentionedintheendofSec・III.Wealso
admitthattherearemuchtoofreedoms,forthebreak-downsinthemulti-
tripletmodels,togivetheirreasonableanduniquediscussions・Finallyif
wetakeAifieldstobevector,wecanunifystrongandweakinteractions
byintroducingthefollowingsemi-weakinteraction:
Hw=iG[{認"(1+75)x!－盲ir"(1±γ願)琴十矛『,(1+75)xi-ar"(1+γm〕琴十
mia(A:+A:)}A)+A)"('+,)'j+h｡, （12）
wherethecurrentsareobtainedundertheguagetransformations(assuming
Eq.(1)only):
x－→eiｽK(1+75)x,
E－→eiｽK(1士γ5)E,
A－→eiｽKA, （13）
スK:unitaryspinmatrices.
Eq.(12)canexplainthefavorablefacts,i.e.,thequitemassivenessofthe
weakbosonss),theoctetdominanceinthenon-leptonicdecays,F-type(D-
type)forthevector(axial)currenttakingl-γ雨forfinEq.(13)andfinally
unstabilityofthetriplets.Thesepossibilitieswillbeexaminedinfuture.
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